District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, prolonging the investment return period. The main scope of this paper is to assess the feasibility of using the heat demand -outdoor temperature function for heat demand forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were compared with results from a dynamic heat demand model, previously developed and validated by the authors. The results showed that when only weather change is considered, the margin of error could be acceptable for some applications (the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and improve the accuracy of heat demand estimations. 
Introduction
The mismatch occurring between electricity generation and consumer demand is one of the main operating challenges experienced by any power system. A number of options to solve this problem are currently available, which were initially developed to solve the fluctuations in demand and to protect against the loss of generation power plant. These options are: interconnections between power networks; energy storage; smart grids; and demand-side management [1] .
Utility-scale energy storage system for electricity systems mainly include reservoir-based conventional hydropower, Compressed air energy storage (CAES) whereas batteries and other technologies offer smaller storage capacities [2] .
An alternative to traditional hydropower storage (using dams) is pumped hydropower storage systems (PHS), which is the most established technology for utility-scale electricity storage. By using a pump to push water to the upper reservoir, PHS systems gives the possibility of storing excess electricity in the form of the potential energy of water; by releasing it through a turbine connected to generator, they allow the conversion back to electricity. This supports Like battery storage systems, small scale PHS can also assist at the demand side by providing the extra energy needed to avoiding consumer discomfort or dissatisfaction that may be caused by load shifting during peak load or pricing period [4] .
With the aim of achieving the full earnings potential in a given electricity market, PHS owners, must actively implement an optimal operation strategy to maximize income by seeking profits. Therefore, converting PHS scheduling information into an effective bidding strategy to make sure that in the electricity market, the plant owners achieves maximum benefit is a key research area.
Therefore, in this paper, an optimal bidding strategy for PHS operation to bid for purchasing and selling electricity in the African electricity market is developed, taking advantage of the Time of Use tariff. For this purpose, a mathematical model describing the optimal scheduling of PHS to be implemented is developed. Thereafter, the performance of the developed model to maximize the proposed PHS is analyzed through a case study.
Description of the grid connected PHS system
The proposes system analyzed in this work is composed of a pumped hydro storage system connected to the grid with the power flow is shown in Fig. 1 . The load demand is principally covered by PHS through its turbine-generator set on condition that there is enough water stored in the tank. When there is more than enough energy in the tank to supply the load, the surplus of generated energy is fed into the grid. However, when there is an insufficient energy from the PHS's upper reservoir to supply the load, the extra energy needed is provided from the grid. The changing electricity tariff play an important role in determining whether the load is supplied from the grid or from the PHS also in determining the power flow from or into the grid.
The following control variables to be optimized are represented by the arrows in Fig. 1 . PGRID TO LOAD is the grid power used to directly supply the load; PPHS TO LOAD is the power generated from the turbine-generator set to supply the load; PGRID TO PHS is the grid power for driving the motor-pump set to fill in the upper reservoir; PSOLD is the power from the turbine-generator set fed into the grid for revenue (credit) generation.
Optimization algorithm

Objective function
The objectives of this work are to minimize the cost of energy drawn from the grid while maximizing the energy sold under the TOU tariff scheme. Therefore, a multi-objective cost function can be derived consisting of p two main parts:
• The first part is the cost of purchasing electricity from the grid, which is used to supply the load demand and fill in the reservoir of the PHS system.
• The second part is the revenue (credits) generated from selling electricity to the grid. The third part is the wearing cost of hybrid system. The total function can be expressed as:
Where rk is the contracted ratio of the peak price ρk for selling power during the peak pricing period.
Variable constraints
• Turbine-generator set's output constraints:
